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EFFECTE OF REACTTON CONTROL (YOTEM JHT SIMULATION ON UK SPABRTLITY AND

o
JUONNOL TEARACTERTATIOS O A 0,017, CCALL O

v BPACE SHITTT L GLBTTRR MODR],

TEATED IN THE LANGLEY RESEARCH CENTER UNTTARY PLAN WIND TUNNHK

'
i

By

J. J. Daileda and John Murroquin
Rockwell International

ABSTRACT

An experimental investigation was performed in the Langley Rescarch
Jenter Unitary Plan Wind Tuunel (Test OAT0) to obtain the detniled effects
thut RS Jet f'low interactions with local orbiter flow field have on
supersonic stability and control characteristics of the space shuttle
orbiter. Six-component force data were obtained through an angle-of-attack
range from 15 to 35 degrees at angles of sideslip of 0, +5, and =5 degrees.
The test was conducted with yaw jet simulation at free-stream Mach numbers
of 2.5 and 4.6, simulating SSV re-entry flight conditions at these Mach
numbers. In uddition to the basic force measurements, fuselage buse
presaures and pressures on the non-metric RCS pods were obtained. Model

W0=0 was used tor this test.
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INTRODUCTTON
An experimental Inventipation woan performed Lo detormine Tnternetlon
offoets of the Reactdon Contral Hyntem (ROE) expouet, tlow on Lhe acrodynnmle
charactoriaties of the Space Shuttle Vohtete (06V) arbliter,  The Leet
arbiele was an 0,015 oveale reproscriatlon oft Lhe OV orblter copfipuention 3
(model 40=0). 'Me tLentu were performed In Lhe Langiey Reoeareh Contoer
Unitary Plan Wind Tunnel to simulate two re=cntry Lrajoctory pointo.  Nomi-

nal test conditions are glven below.

Stagnation
Mach 9  PSF Re/ft TPemperature, °F
2.5 374 1.72 x 10® 150
4.6 202 1.72 x 106 175

Complete simulbtion of the RCS Jet/free-strean interaction would re=
quire duplication of the trajectory free-utream conditions as well as mass
flow rdatio, momentum pressure, thrust and plume shupe of the RCS Jjets. How-
ever, utilizing the Becondatry Injection Momentum Principle for the injection
of n jet perpendicular to the free-stream flow, only two domminant paremeters
significantly affect the interaction forces; Jet momentum and jet pressure.
Mass flow ratio and jet plume shapeé are considered to be less iffiportant
paremeters. Thus, desigh of the model nozzles wos Jased entirely on match-
ing jet to free-strean pressute ratio and momentum ratio.

RCS flow wus simuluted by blowing Jets of cold air frof non=metric
noseles attuched to the model support sting in proximity to the fusclage
base.  Mometitum ratio ahd pressure renbio simulutlion wau obtuined by regu-

laling nozzle plenum y*cssurd (up speviticd by the nouzle bench culibration.)
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Nozzle thrusnt was maasured using a alngle component otraln gauge balanee,
The nozale wan ealibirated at near vacumim conditlons (hecause of {ta high
espanalon ratio) and corrected to total vacuum condittons,  Mans (low raten
were measurced using a eallbrated orifice metere A plot of both meanured
and theoretical thrust as a functlon of model plenum pressure ity presented
in Figure 2.f. The nozzle, which simulated an RCS yaw control firing
configuration, was tested in conjunction with various clevon and body f{lap
control sottings,

Six-component forcee data were measured on the comp lete model using
the LaRC 1.125~inch diameter Balance number 834, mounted on LaRC sting No.

77. Wind<off balance data (at tunnel operating pressure) were recorded

with RCS jets on for ¢ach clevon/body flap configuration tested to deter- {
mine if direct impingement effects existed.

With the tunnel flowing, data were récorded thru an angle of attack 1
range from 15° to 35°, in 5° increments, with RCS flow either off or on for
cach run. An RCS-on run was made immediately after cach RCS-off run, for
a given configuration, to obtain an RCS increment Independent of any bal- ‘ }
ance shifts due to temperature.

The model had sizx pressutre taps, located in the following positions: ; o

One tap in the RCS plenum chiatiber wall, three taps on the nozzle sutfaces,
one tap on tho nozzle base, aud ore on the fugelage base. Pressure tap
locations are shown in Fligdre 2.d.

Model sutface flow pattern resulting from cofibined tunnel and RCS

flows wera otbalned using black 1ight oil flow techniques. 8chlicren
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photographs were taken during a1l runs with & = =20 and &, = ~40 a1 anglos
of attack of 15, 25, and 95 degtoes,

Two oll=flow runs (Flgures Y.de and o) and 62 valld foree runn wore
made during the cost perdod of July 22 thra 27, 1978, A pwmmary of conf ig-

urat lonn tested and test conditlons tor ecach run 1o plven o table 11,
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NOMENCIATURF

Genery)
DADDAC
TYMROL IYMBOL NERTNITION
f speod off pound; m/nw. l‘t./nm*
Cp op provaure coeffletents (p) - pwd/a
M MACH Miuch numbery V/o
p pronource: N/m', pot
q Q(NEM dynomic preasurcy 1/epV, N/m', pof
«( POF
veloeity; m/oec, t't/oec '
a ALPHA nngle of nttack, degreen
B BETA snple of nideslip, degrecs
| v P6 angle of yuw, duegrees
? ¢ PHI angle of roll, degrees T
| p moon denoity; kg/m3, slugs/ft}
Reference & C.G. Definitlons
Ap base nres; m', £t7
b BREF wing opar or reference spany m, '
Colle center of gravity
€REF LREF reference length or wing mesn 1
. Q aerodynumic chord; m, £t
] , SREF wing aren or reference areni m, t't° P
MRP momcht reforchee point '
XMRDP moment reference point on X nxio ;
YMRP moment reference polnt on Y axls 1
YMRD moment relerence polht o o wxis
SURCRIPTY
b bagée 1
t loenl
8 static conditions
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@ free streom
T 1
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! NOMENCLATURE  (CONT1NUED)

ADDITIONAIL NOMENCLATURE

SYMBOL DATAMAN DEFTNITION
SYMBOL
Aom OMS pod base arca, in?
| o

4y orbiter reference body length, in.

Pj PO-JET nozzle plenum chamber pressure, psla

Pyratie static or ambient pressure, psia

Re/tt RN/L unit Reynolds number, per feet

Nep/iB Xcp/L longitudinal center of pressure location,
fraction of body length

AAF {ncreméntal axial force due to model RCS flow
ditect impingement on metric model components,
1bs.

ANF incremental norial force due to model RCS flow

direct impingement on metric model compo-
nents, 1lbs.

APM incremental pitching moment due to model RCS
flow direct impingement on metric model com-
ponehts, in-1b.

ARM {neremental rolling moment due to model RCS
flow direct impingement on metric model compo-
netits, in-1b.

ASF inecremental side force due to model RCS flow
direct impingement on metric model components,
1bs.

AYM incremental yawing momént due to fiodel RCS

flow dire:t impingement on fietric model compo=-
hl.’.ﬁt’.!s, 1ﬂ-1b0 .

Sq " ALLRON aileron, totul eileron deflection angle,
degrocs, (left aileron - right eileron)/2.

e el
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NOMENCLATURY 4CONTINUED)

DATAMAN
SYMBOL SYMBOL DEFINITION
/
Ry BDFLAP . body flap deflection angle, degrees
S ELEVTR olevator deflection angle, degrees
! - -
OR RUDDER rudder deflection angle, degrees .
SRE RUDFLR rudder flare angle, degrees
Siyp BDYLAP flup, surfacc deflection angle, posilive
deflection, trailing edge downs degrecs 1
Chio cry model base pressure coefficient
Cpry crLt right half nozzle surface pressure coefficient
Cp18 CPBM right half nozzle base pressure coefficient
Cp19 CP19 left half nozzle horizontal surface pressure !
cvefficient
Cp20 CP20 left half nozzle lower surface pressure
coefficient
Cpsc cPse sting cavity pressure coefficient
P PINF frecstream stalic pressure, psia
s
4
-
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CONFIGURATION INVESTIGATION

The test article (provided by Rockwell) was a 0.015 scale model (42-0)
of the VL70-000139B definition of the 88V orbiter Configuration 3. A threce~
view drawing of the model showing the principal dimehsions, photographs of
the model installation in the tunncl, and the RCS hardware are shown in
Figures 2 and 3,

The model was constructed of Armco 17-4 stainless steel a1 was com-
prised of the following parts: fusclage, canopy, wing aud ~uff, vertical
tail and orbital muancuvering system (OMS) pods. Elevon «¢€scceticas ot 07,
-20° and -40°, body flap deflections of 0° and -14.25°, and & rudder with
a 40° speed brake deflection were tested.

The RCS plenum was attached to thé sting at the base of the model
(termed non-metric ingtallation){ air loads acting on it and forces pro-
duced by the RCS jet were not measured by the balance. One nozzle (Nig),
simulatitig the RCS firing for yaw control was tounted on the left side of
the plenumy a nozzle with a plug inserted was mounted on the right side
of the plenum chamber. The yaw nozzle defined in Figure 2..., was built
and calibrated by General Dynamics Convair of San Diego. The nozzle blocks
were mounted in proximity to the OM8 pods as shown in Figure 2.a.

The [ollowing nomenclature was used to designate the model components:
COMPONENT DEFINITION

Big Near vehicle configuration 3 (139B) fusclage of the Rockwell
International 88V orbiter configuration (VL70-000139B)

Cy Basic vehicle configuration 3 (139) canopy (VL70-000139)

11




COMPONENT DEFINTTION

Eajy Elevon on vohiele configuration 3 (1198) wing (VL70-00017%08)
Fq Basie venicle conflguration 3 (139) body flop (VL70-0001398)
Mg Modificd OM8-RCS pod for the Rockwell International S8V

configuration 3 (VL70-0001398)

Nig Twin LH yaw nozzle sized to simulate the center two proto-
type 3 configurations (VL70-000140A) RCS yaw cngines when
tunnel Mach No. equals M for prototype trajectory.

01393 Complete orbiter configuration consisting of 1
B CFMVRW E
1975675 107 23

R, Basic vehicle configuration 3 (139) rudder for vertical tail
(VL70-000139)

Vy Basic vehicle contfiguration 3 vertical tail (VL70-000139)

Wio7 Vehivle configuration 3 (139B) wing(VL70-G001398)

A general arrangement configuration drawing is shown in Figures 2.u.

RCS NOZZLE CALIBRATION

Calibration of the RCS nozzle war performed in the vacuum chamber at
Convair Aérospace Division, San Diego from July 2 to July 9, 1973, to
establish nozzle thrust and masg flow cliaracteristics as a function of o
nozzle plénum préssure.

The nozzle assemblies were moudted on a 12 pound capacity single { !
component strain gauge foree balance in the 5~foot vacuum chamber to ob-
tain direct meaduremént of thrust. The measured nozzle thrust data were

corrected to total vacuum conditions.

Dial gauge pressufe readings and tregulator settings for selected flow o

rates were recorded and used as oan operat ing guide during the tuanel test.




| Approximate flow ratea were et by peloeting ineromenls of RO plenum
presoure from o curve of PJ vergus entimatod welpht, flow,  The netunl flow
rate wan ealeulatod uning the measured pressure drop aceross an orificoe
plate bullt to ASME specifleations for which Lhe Plow coofficetont had been
determined by prior calibration,

Calibration resultsn for the RCS yuw nozzle (ng)urenhown In Pigure

Qlf‘

e v e =

TEST FACILITY DESCRIPTION

The Langley Unitary Plan Winid Tunnel is under the dircction of the

High=tipeed Afreratt Division at NASA LaRC. The tunnel i3 usced for force,
monent,, pressure~distribution, and heut-transfer studies. The test medium ‘

is uir. Model mounting consists of various sting arrangements with axial

|
and lateral movement, ahd side-wall support. The tunnel is of the contin-
uous-flow, asymmetric sliding-block type. There are two test sections,
Nos. 1 and 2, each U4 feet square and 7 feet long. Test section No. 2 used
for these tests has a Mach number range of 2.29 to 4.63. The dynamic pres- ' :
surc (PSF) and unit Reynolds number (per foot) range for the lower Much )
number are 120 to 1260 and 0.76 x 108 to 5.5 x 100, pespectively. For Lhe o
mix imum Mach number Lhese ranges are 95 So 90% and 0.83 to 10% to 7.78 x 109,
respectively.  Normal operating *eperature for the tunnel is 150°F, excoept, % ;
at Much numbers asbove 3.75 where [t 1o 175°F.

!

1

13

e e =
R R AT R ST "




DATA REDUCTTON

Foree and moments measured by Lhe orbliter inbernal straio oo
bulance were transfeorred Lo body and stability axes and roduced Lo dimen-
gionless coeffteionte using stnndord dota reduction methods,  Correelions
applicd to the duta include model static weirhl Lore, balancee and b ing
deflection and tunnel flow inelination. No adjustments were made Lo nxlal
or drap, coefficlents for model base drag.

The following reference dimensions and constants were used for data

reduction:
SYMBOL, DIFINITION VALUE,
b Span, wing 1h.050 in.
Xca Reference C.G. 12.58 in.
Zog Reference C.G. FRL (2 = 6.00)
Cl, BAL ¥ Center, balance force, measured from 17.279 in

X5 = 0, Bee Figure 2.a,
CL BAL % Ceuterline, bulance W.L. 5:85 in.
c MAC, witg 7..1.:‘."- in.
Lp Reference body length 19.35 in.
8 Area, wing (ref.) 0.605 .7

1h
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TABLE 1T

TEST ¢ 0A70 (LaRC UPWT 1043) #1DATEs
TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURC }smm\mn TEMPERATURE
MACH NUMBER (pet unit £L) (pounds/sq. £1) ,|  (degrees Fahrenheil)
2,5 1.72 % 108 374 150
4,6 1.72 x 106 202 175
il kil
BALANCE UTILIZED: LaRC 1,125 inch dia no. 834
‘ COEFFICIEN
CAPACITY: ACCURACY: Toirea‘gugg
\p 300 1b 1/2 % F.8. _ ‘
"
s —
AF metssmeii— T T — AR ——————————
YM 400 ino"'lb. "
COMMENTS:
16
L S L e




]]III — 41 q N 4 44 1
A PALY _ A
33% b BoF. Figlzd el S II?ITWITlﬂ = °Y
{(Zi &7 \,ﬂ T .NHN(\.H:\& \ mhzmu_kmwm mm om N QN m— 8 <
L€
Hs
O
(675 G-
) <l
1. ol
O S-17 Ol
12 A ] ils 0
. o¢ 62 |92 1 75} (g0 |
g 2 gz ez || Ob- Is- o
3 9 09 | bS ¢ 111 S 90 .
3 g9s LS 9% NREA Tol” <o Q
. S 1bs | €5 b4 02- - - e m
- Oi 60 Qo* l «*y L rm B
Lo 90 | SO} B R BENBEREIAR | 20 _
o) o | ~o~ o [o [arisz|s «4 100Ad8
(a3 h |
' SS.%, 29 |29 [ 29| 29 o -1-1-]-] —-
i idin Y232/0 12 Jwz]|r2] 2 O] -1 -1-]-1 NE3omstawsaltlg
Sipi92zloo | OL | S| O 90 [1fay| WIF | © .
V53 ~ i ~ 2n503da NONGIE_God TUNIHON | Fanvassusiswvavdanss | MOHTEROEROS | e
I 370 AUVAWNNS NOLLYTICO 43EWAN NNY/L3S V1va £ 501 -1Man Jav1 : hu& ‘
) *13 gAY




{

|

v
i

PSS

S VET

$3INC3~2s5
¥ 40 ©

‘930 gg O¢ S2 02 Gl = %

AT T menl L 2w~ C. SAIN3IDISIF0D

""““» v S - e, e gy =x =
- NG B

1 ]

o -
z JOH VESWVC ‘SOIOHd ON | oSC = 0 ‘0% -~ = ®9 ‘9-y -y Iy m1d TIO :$9 HOH
T SZ=002 -=29 Y= Iy WA TIO : M9 NE . =
m i o5Ze0'CZ - = 29 ‘Gz = W Iy MOTI TIO :€9 HMM
c o = 70 WV 0 - = ~p HLIM SNOH TIV 803 S€ ® “SZ ‘ST = o Iy SOIOHJ NENSTTHOS <SSION
Oy j6s A EIESERRSENEIE i el 4
9¢ |se be | Lol L ——J i
€c | 2¢ i€ | or|zvop-1eci|9v] S| v ONTHOMDIOWLEHE| 910AdY
. . Sipicezzipot|OL | b9 | O -&.“v 480 llw% o] W]F|® Y¥3IIFILNIO!
ISz ~ = ~ JXNS33dd NON3 S TgNIHON — - FINTIVA/SHILINVEY ] "OHIS NOLLEBANIINGD 13Svivg |

(pepnTouc)) I FIEYL




TABLE 111. MODEL DIMENSIONAL DATA

- MODEL COMPONENT:  BODY = mg

GENERAL DESCRIPTION: Fuselage, Configurttion 3, por Rockwnll Lines
VL70-0001391, -
' NOTE: TIdentieal) to B17 oxcopt forabedy,
Model Scéle »= 0,015
DRAWING NUMBER: VL70-0001393
DIMENSIONS ¢ FULL-SCALE MODEL SCALE
Length - 1IN, ' 1290.3 19, 35450
Max. Width - 1n, 267.6 4, 01400
Max. Depth . 1N, bl . 5 3.66750
Fineness Ratio 4. 82175 4, 82175 ‘
Arga - FT2 .
Max. Cross-Sectional 386,67 0.08700
Planform
Wetted ‘
Base ' !

19
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TARLY, 11T, MODE), DIMENSIONAL DATA ((ont Inund)

MODEL COMPONENT: __ Canapy - 7

= - = "
¢
’

GEMERAL DESCRIPTION; Conflunration 3 par Rockwoll Idnes VL70-900139

Ll ¥odel Seale = 0,015

DRAWING NUMBER . _Y170-000139

DIMENSION: ' ‘ FULL SCALE  MODEL SCALE
Length (Xo = 433 to X = 670) - in, FS 237 3,555
Max Width

Mox Depth (2o = to Z, = 501) - in FS
Fineness Ratio
Aret

Max Crost-Sectional

Planform .
Wetted
Base




TABLE 111, MODEL DIMENSTONAL DATA (Continued)
MODEL COMPONENT: _FLEVON - E23

.

- ——

GENERAL DESCRIPTION: __ Configuration 3 yor W107 Rockwell Linon
V170-0001399, date for (1) of (2) siden

Model Scale = 0,015

DRAWING NUMBER: VL70-0001398

DIMENSIONS: FULL-SCALE MODEL_SCALE
Area - FT2 205.52 | 0.04624
Span (equivalent) - 1IN, 353,3), 5,30010
Inb'd equivalent chord 114.178 1,72170
Outb'd equivalent chord .00 0.82500

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord | 208 208
At Outb'd equiv. chord 400 400
Sweep Back Angles, degrees o '
Leading Edge ' T :__Q&gp__ _0.00 )
) " Tailing Edge e -10.2 :
| Hingeline 0.00 0,00
Area Moment (Normal to hinge line)- Fr3 _1548,07 0.34832

Product of Area Moment
‘

21




TABLE 111, MODEL DIMENSIONAL DATA (Cont tnued:

MODEL COMPONENT;  F5 Nady Flap

TR s e e kL IR

GENERAL DESCRIPTIOMN: 3 Cani‘irzumtion' Eove aekll Lipsa V1L70-000130

TR, e

= g s ege

e N

Scale Model = 0,015

et e >~ Y - S

DRAWING NUMBER V1.70-000139
DIMENSION: FULL SCALE MODEL SCALEL
Length - in 8L,.70 1.27050
Mox Width - in 267.6 4. 01400
Max Depth
Fineness Ratio i
Areo - Ft2 , '
Max Cross-Sectional _
Plonform ' 2.5 0.03206
Wetted
Base : 38,0958 -+ 0,00857

ol
[




TABLE TTT. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT : __NOZZLE - N19
GENERAL DESCRIPTION : Bapie confipuration A (VI/70-000139R OMS Nozulen

with Cold Jet Simulation of Yow Control (Tnternl Thrust) at Mach 10,3

Intry Condition

MODKT, 8CATE = 0,015

DRAWING NUMBER .

DIMENSIONS - FULL SCALE MODEL SCALE

Freestream Mach No. 10.3

No. of nozzles (Left Side Only 2 2

Expansion Ratio - 10.81 f

Diameter ~ in.
Direct Scaling

Exit ' No Applicable 0.14k%0
Throat -1 0.0437 '
Area ~ INZ,
/l
Exit .01629 |
Throat .00151

Thrust Centerline

X 1533.0 22,995
Y - -~
2 4te.5 7.087




TABLE [1I, MODEL DIMENSIONAL DATA (Continued)
MODEL DIMENSIONAL DATA

MODEL COMPONENT 1 OMS POD Mz

GENERAL DESCRIPTION : __BASIC CONFIGURATION 3A OMS PODS WITH DETACHED
BCS _NOZZLE
NOTE: HOUSING TO MAKE THE RCS NON METRIC.

DRAWING NUMBER : _VL70-0001498
MODEL SCALE  0.015

DIMENSIONS : FULL SCALE  MODEL SCALE
Length- 1IN, - S ] (¢} | —2.2900
Max Width 108.0 —1.620
Max Depth | 113.0 1.695

Fineness Ratio

Ated

Max. Cross—Sectional

Planform
Wetted
Base
ol
ST L s NI i




TABLE 111, MODEL DIMENSTONAL DATA (Continucd)

MODEL COMPONENT: __RUPDER -~ RS

GENERAL DESCRIPTION: A, 3 and 34 Conficuration per iockwell Lines

VI70--00009%

e it ————— - — - eyt g (A
-y el -

- oo oS e & Vo - ——— - T —- -+

Model Senle = 0,015

DRAWING NUMBER: V1.70-000095
DIMENSIONS: FULL-SCALE MODEL_SCALL. '
Area - FT2 106,38, 0.02394
Span (equivalent) - IN. ' 201.0 3.01500
Inb'd equivalent chord 91.585 1.37377
Outb'd equivalent chord 50.833 0.76249 ‘

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord 0.400 0.400
At Outb'd equiv. chord 0.400 __0.500
Sweep Back Angles, degrees ' ' }
Leading Edge . 4.8 " 34.8
~Ta{ling Edge E 26725 26,25 | '1
Hingeline 34,83 34.83 !
Area Moment (Normal té hinge line)- Fr3 _ 526,13 __0.00178 : ‘

Product of Areca end Mean Chord

NASA-A FCMAF

L e Ch o, s i e




TABLE IIT. MODEL DIMENSIONAL DATA (Continued )

MODEL COMPONENT: VERTICAL = V7

GENERAL DESCRIPTION:

-

Coeptor)ive yertiond tadd  denidowedon o ipfoil with

rounded londine ddeo,

HOP  fane e VB, but wilh meontinlubor hounine removed,

Yolel Sogle o0 0,015

DRAWING. NUMBER:

V1.70-00)1 39

DIMENS TONS ;

TOTAL_DATA

Area (Theo) Ft2
Planform
Span (Theo) In
Aspect Ratio
Rate of Taper
Taper Ratio
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0025 Ellﬂnent L" ne
Chords:
Root (Theo) WP
Tip (Theo) WP
MAC
Fus. Sta. of .25 MAC
We Po of 425 MAC
B, L. of .25 MAC
Airfoil Section
Leading Wedge Angle  Deg
Trailing Wadge Angle Deg
Léading Edge Radius
Void Ares - TPt
Blanketed Area

é
FULL-SCALL MODEL SCALE
422.92 12.09583
RN
L.0O75 L.67h
TR L5007
- U.E’.’E RSN
15,000 45,000
2602{*‘2". :’)()0 :'Zi:) 1
L1150 alJlsny ~
Ry 1,82705
199,87 2.9971
1463, 0¢ 21,95250_
(35,500 9.53283
0,00 (1, ()
9
10,000 10,090 {
oo 14,950
2,0 0.030 :
137 . 0.002% ”|
0. 0N 0,0

2 _m’;y!+r'Fy:?§"m—M~;?&*~" .




A ]

TABLE III, MODEL DIMENSIONAI, DATA (Concluded)

ODEL COMPONENT:  WING=W 11y

GENERAL DESCRIPTION:  Confimunration 4 jer Reelwel L Lines VIO 000 300

ROTW Dame Aa VO3, ereodt, cuff, airfoi) aud incidonee enele,

Model Secrle = Q0,015

¢

TEST NO. DWG. NOo__Vi 70-(5 1) 3e
DIMENSIONS ¢ FULL-SCALE MODEL SCALE
TOTAL. DATA 2
réa (iheo,) Ft
Planform ) 2690, 00 0. 60525
Span (Theo In, 936, 6P :
Aspect Ratio 2,265 00
?ate of T?per 1,177 117
aper Ratio 0,200 PR
Dihedral Angle, degrees (@ TE of Elevon) 3,500 E) :’
incldcuceiAngle. degrees (0,600 S
erodynamic Twist, degrees 13,000 13,000
Sweep Back Anglcs: degrees
Leading Edge L5 . 0C0 45,000
grg?‘s 1 ;:?g Edgel.i -10, 2 =10, 04
. eément Line 35,209 . 36, 00y
Chords: ™ 5.8.0 0
Root ¢o) B.P,0,0, 609, 2 10.33860
E}‘\gc ETheog B.P. . 137.85 2.02772
' T 7.12015
Fus, Sta. of .25 MAC 1136, 04 17.05:
. W.P. of .25 MAC 299,20 4 LRROO
B.L. of .25 MAC ' —irn3 2473195
EXPOSED DATA 2
Arca (iheo) Ft - 1752.29 0.39426
Span, (Theo) In. BP108 70, OF 10. 81020
Aspect Ratio 2,058 2.05¢
Taper Ratio 0. 2451 0,251
Chor%s t BP108 6 8.43600
00 562,10 4360
Tip 1,00 b —r- e
mAC  ° 39,03 89545
‘Sug. S%a.zgfmi\%s MAC 185, 31 17, 77965
Po of o 300, 20 50
B.L. of .25 MAC 251,96 __________%%7£%
Airfoil Section (Rockwall Mod NASA)
XXX X~ 64
Root b, = Q0 030
5 o
Tip % = 0.12 Q.12
1 Data for (31) of (2) Sides
Leading Edge Cuff . )
P1am’o?m Nea  Ft” I T
Leading Edde lhtersects Fus M, L, 0@ Sta boo__ Z.-gooo
Leading Edge Intersects Wing @ Sta doeh 16,2510
‘. ._ i DeM 387-6 Fxp. Date B/2/75

ek
T R
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NOTES: @ ALL DIMENSIONS IN INCHES MODEL SCALE
® TWIN NOZZLE CONFIGURATION
® LEFT-HAND NOZZLE FIRING ONLY
(FOR YAW CONTROL SIMULATION)
® THROAT DIA. = 0.0437 IN,

THROAT AREA = 0,00151 IN®
EXIT DIA. = O.L440 IN._
EXIT AREA = 0.01629 IN
EXPANSION RATIO = 10.81 _ e
® PROVIDES SIMILITUDE WITH ORBITER
YAN RCS PLUME GEOMETRY AT MACH 10.3
| ENTRY CONDITION
. ® DESIGNATED AS Mg

FIGURE 2. (Cont'd)

e) RCS Nozzle Details

35




L - o Nt - e —
*TITNT2IC, - *z aamBTd
mT332q7Te0 S1szof ST ()
= ————F : reea] osa et s e
Iy  eaasagees oo :

e —ae e e f e e e &
o Sppanppuieiih g

LTI QLI T

e

P e s Gy wamwa

g

==t

== ERRE Soolpt tgem
— T paspmony
- yra wrer ezt =z '0.]
W >4 v Yot
- mu.ﬂ - t it Fs 3 %% b3 + :
—_— - +
— & - - - T 3
=Sl ll= === ES T e T e
- - - 1
3 L - e < b -
T pme jPoot poqpy pas
— - -~
3
moay o= g as mogpaat
poimpes nay = :
T

DPSY POl S Suing

ST ST ey

POpG Sulnpenih Suduning paug-gupy [ROSp ey
PG Soming SO Sl SRS aae
P I e et seost SRty
>3
(iiuiepirig SOSDOOSRES S

PP OPDd S
223 B St g
DOPRSPOR St IoFRITIIL
T LI LTI LTI T TIITT LI T IL TSI LTI

T I T T e e e e s e

e Supta) G G S e

P et L e e 1 Foe— 125 DD T 521
é - ] 4 sanaas 5

tls




- * e

[V )}
3

T B
5 & :
S
[
S &
Qo 4
0O w

, L
o =
[ B
~t .
I%)tﬂ
ag 1
—~ 5
©
-~




i P =

PRE RN LS

(b) General Installation Photogragh

Figure 3. - Continued.
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(¢) Typical Schlieren Photograph
Figure 3. - Continued.
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(d) Typical 0il-Flow Photograph (RCS Operating)
Figure 3. - Continued.
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Figure 3. - Concluded.

(e) Typical 0il-Flow Phctograph (RCS Not Orers
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APPENDIX

TABULATED SOURCLE DATA

Tabulations of the plotted data are available
from DMS on request,

B
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